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(54) Nickel-hydrogen secondary battery and process for producing electrode therefor 

(57) By using a tiiln film-formed positive electrode, 
and negative electrode and a film separator, the capac- 
ity density of the electrode plate can be improved and at 
the same time a nickel-hydrogen secondary battery with 
a higher capacity can be easily obtained; resultantiy a 
nickel-hydrogen secondary battery with a higher capac- 
ity density can be provided. 
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Description 

BACKGROUND OF THE INVENTION 

The present invention relates to a nickel-hydrogen s 
secondary battery. In more particular, it relates to struc- 
tures of thin film type electrodes and of cells which use 
the electrode. 

In recent years, with the spread of portable elec- 
tronics equipment, development of alkaline batteries 
with higher capacity has been eagerly desired. In partic- 
ular, nickel-hydrogen batteries, which are secondary 
batteries comprising a positive electrode consisting 
essentially of an active material containing nickel 
hydroxide as the main constituent and a negative elec- 
trode containing a hydrogen-absorbing alloy powder as 
the main constituent, are rapkjiy extending their use as 
secondary t>atteries with a high capacity and high relia- 
bility. 

The positive electrode of alkaline batteries of prior 
art is described below. 

TTie positive electrode of alkaline batteries can be 
broadly divided into the sintered type and the non-sin- 
tered type. The former electrode is produced, for exam- 
ple, by impregnating a porous sintered nickel substrate 
of a porosity of about 80% obtained by sintering nickel 
powder with a nickel salt solution, such as an aqueous 
nickel nitrate solution, and then immersing the impreg- 
nated substrate in an aqueous alkaline solution, thereby 
to form a nickel hydroxide active material in the porous 
sintered nickel substrate. This electrode has its limits in 
attaining high capacity because, since it is difficult to 
Increase the porosity of the substrate further, the 
amount of the active material loaded cannot be 
increased further. 

The latter non-sintered type positive electrode com- 
prises, for example, as disclosed in JP-A-50-36935, a 
three-dimensionally continuous spongy porous sub- 
strate of a porosity of 95% or more formed essentially of 
nickel metal and nickel hydroxide of the active material 
filled in the substrate. This electrode is in wide use at 
present as the positive electrode of high capacity sec- 
ondary batteries. In order to attain a higher capacity in 
the non-sintered type positive electrode, it has been 
proposed to fill spherical nickel hydroxide in the spongy 
porous substrate. In this proposal, spherical nickel 
hydroxide with a particle diameter of several \im to sev- 
eral ten ^m is filled into the pores of the spongy porous 
substrate, which have a pore size of about 200-500 \Lm, 
In such a structure, the charge-discharge reaction pro- 
ceeds smoothly in the nickel hydroxide which is in the 
vicinity of the nickel metal skeleton and in which the 
conductive network is maintained, but tiie reaction does 
not proceed sufficiently in the nickel hydroxide detached 
from the skeleton. In this non-sintered type positive 
electrode, tiierefbre, in order to inprove the utilization 
factor of nickel hydroxide filled into the substrate pores, 
a conductive agent is used besides nickel hydroxMe of 



the active material thereby to connect ttie spherical 
nickel hydroxide particles electrically with one another. 
The conductive agents used are cobalt compounds, 
such as cobalt hydroxide and cobalt monoxide, metallic 
cobalt, metallic nickel, or the like. In this way. in the non- 
sintered type positive electrode, the active material can 
be filled in a high density, and hence a higher capacity 
can be attained than in sintered-type positive electrode. 

Next, the negative electrode of nickel-hydrogen 
secondary batteries using a hydrogen absorbing alloy is 
deserved below. In general, alloys of AB5 type or AB2 
are used as the negative electrode active material. AB5 
alloys are alloys of LaNis type in which, usually, tiie moi- 
ety of La has been replaced by Mm (Misch metal) and 
the moiety of Ni has been replaced by such metals as 
Co. Mn. Al. Fe and Cr. Misch metals are alloys of lanta- 
nide type based on La. 

Such negative electrodes are produced by a 
method which comprises pulverizing an alloy to a pre- 
determined particle diameter, followed by classification, 
mixing the alloy powder with a conductive agent arKi a 
binder into a form of paste, and then coating the paste 
on a nickel-plated perforated metal plate, followed by 
drying and pressing to obtain an electrode plate. 

In the non-sintered type positive electrode of the 
above-mentioned structure, however, the addition of a 
conductive agent is necessary and, moreover, dense 
filling of spherical nickel hydroxide into the three-dimen- 
sional cage-like space of the spongy porous substrate is 
difficult to attain, and resultantiy the capacity density of 
tiie positive electrode plate is about 650 mAh/cc. Fur- 
thermore, since the 5ut)strate itself has a nickel skeleton 
witii a tiiickness of about 30 ^m, when the electrode is 
used, for example, to construct a cylindrical nickel - 
hydrogen secondary battery, sometimes kyoken parts 
are developed in the skeleton by the bending force 
applied in winding the electrode plate spirally, and the 
tip of the broken skeleton pierces through the separator 
to cause short-circuit with tiie negative electrode. 

SUMMARY OF THE INVENTION 

In view of the above-mentioned problems, the main 
object of the present invention is to provkle a nickel- 
hydrogen secondary battery witii a high energy density 
by improving the electrode plate. 

To solve the above-mentioned problems, the nickel- 
hydrogen secondary battery according to the present 
invention has a structijre which comprises a positive 
electrode comprising nickel foil and an active material 
layer consisting essentially of nickel hydroxide solid 
solution powder formed on the foil surface, a negative 
electrode comprising nickel foil and a hydrogen absorb- 
ing alloy powder layer formed on tiie foil surface, and a 
porous separator formed essentially of a polymer resin. 

By virtue of the above-mentioned structure, nickel 
hydroxide of tiie positive electrode active material can 
be loaded in a larger amount on tiie nickel foil of tiie 
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substrate and. moreover, since it is in the form of thin 
film, the conductivity of the active material can be main- 
tained merely by adding thereto a minimum amount of a 
conductive agent, and resultantty the amount of the 
positive electrode active material can be relatively 
increased to raise the energy density. Moreover, since 
the electrode is a thin film electrode in which foil is used 
as the substrate, neither the breaking of the skeleton 
due to bending norths piercing through of the separator 
by the broken part occurs. Furthermore, since the neg- 
ative electrode plate is also a thin film electrode using 
foil as the substrate, the anfiount of the conductive agent 
to be added to the negative electrode active material 
also can be reduced. Resultantly the amount of the 
active materials of the nickel-hydrogen secondary bat- 
tery as a whole can be increased, making it possible to 
attain a high capacity. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

The aspect of the present inventk>n described in 
claim 1 relates to a nickel-hydrogen secondary battery 
which has a structure comprising a positive electrode 
comprising nickel foil and an active material layer con- 
sisting essentially of nickel hydroxide solid solution pow- 
der formed on the foil surface, a negative electrode 
comprising a hydrogen absorbing alloy powder layer, 
and a porous separator formed essentially of a polymer 
resin. 

The aspect of tiie present invention described in 
claim 2 relates to a nickel-hydrogen battery which com- 
prises a positive electrode comprising nickel foil and a 
powdery substance consisting mainly of nickel hydrox- 
ide held on the foil surface, a negative electrode consist- 
ing mainly of hydrogen absorbing alloy powder, an 
alkaline electrolyte and a separator, said powdery sub- 
stance of the positive electrode comprising as the main 
constituent a nickel hydroxkle powder with an average 
particle diameter of 1 or less containing as solid 
solution at least one element selected from the group 
consisting of Co, Zn, Mn, Ca, Cr, Al and Fe, and 1-10% 
by weight of a cobalt compound powder with an average 
partide diameter of 1 fim or less admixed with the nickel 
hydroxide powder. The nickel hydroxide powder con- 
taining the above-mentioned metal element as solid 
solution has an average partide diameter of 1 ^m or 
less, with which a cobalt compound powder with an 
average particle diameter of 1 ^m or less is admixed as 
a conductive agent in an amount of 1-10% by weight rel- 
ative to the nickel hydroxide powder. Consequently, dif- 
ference in particle diameters between the two kinds of 
powder is very small, and the cobalt compound can dis- 
perse uniformly among nk;kel hydroxide powder parti- 
des to form a good conductive network. Moreover, the 
nickel hydroxide powder can be made to discharge from 
the surface to the innermost part thereof. Resultantly 
the capacity density of the positive electrode can be 



increased. 

The aspect of the present invention described in 
daim 3 specifies the cobalt compound used as the con- 
ductive agent The compound preferak)ly consists 

5 essentially of cobalt hydroxide or cobalt oxide alone or 
both of them. 

The aspect of the present invention described in 
daim 4 relates to a battery which comprises a positive 
electrode comprising nickel fbil and a powdery sub- 

10 stance containing nickel hydroxide as the main constitu- 
ent held on the fbil surface, a negative electrode 
containing hydrogen absorbing alloy powder as the 
main constituent, an alkaline electrolyte and a separa- 
tor, said powdery substance of the positive electrode 

15 comprising as the main constituent a nickel hydroxide 
powder with an average partide diameter of 1 ^m or 
less containing as solid solution at least one element 
selected from the group consisting of Co, Zn, Mn. Ca, 
Cr, Al and Fe. and 1-10% by weight of a cobalt com- 

20 pound powder with an average partide diameter of 1 
[un or less admixed with the nickel hydroxide powder, 
the nickel hydroxkie powder having a crystallite size of 
100 nm or less in the direction parallel to the direction of 
a fbnm (100) and 500 nm or less in the direction parallel 

2S to the direction of a form (001 X The reason or specifying 
the size of crystallites which form tiie above-mentioned 
nickel hydr(»ide powder containing a metal as solid 
solution is that when the crystallite size is larger than 
the dimension specified above, efficiency in charge-dis- 

30 charge tends to be low and the improvement of utiliza- 
tion factor tends to be difficult to recognize. 

The aspect of the present invention described in 
claim 5 relates to a battery which comprises a positive 
electrode comprising nickel fbil and a powdery sub- 

35 stance containing nickel hydroxide as the main constitu- 
ent hekl on the fbil surface, a negative electrode 
containing hydrogen absorbing alloy powder as ttie 
main constituent, an alkaline electrolyte and a separa- 
tor, the powdery substance of the positive electrode 

40 containing as solid solution at least one element 
selected from the group consisting of Co, Zn, Mn, Ca, 
Cr, Al and Fe, the amount of tiie element contained as 
solM solution being 1-10% by mol. The amount of the 
element is specified because, since it is generally con- 

45 stdered that an element in solid solution basically does 
not participate in charge-discharge reaction, increase in 
the amount of element in solid solution, which relatively 
reduces the nickel content, results in a lower energy 
density. Thus the amount has its upper limit. 

50 The aspect of the present invention described in 
claim 6 specifies the structure of the negative electrode 
in which the hydrogen absorbing alloy powder layer 
formed on a nickel fbil surface. 

The aspect of the present invention described in 

55 daim 7 specifies the thickness of the active material 
layer formed essentially of nickel hydroxide solid solu- 
tion powder. From the viewpoints of the current-collect- 
ing ability and the capacity density of the positive 
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electrode, the thickness is preferably 10-60 \im on one 
side of the nickel foil surface. 

The aspect of the present invention described In 
claim 8 specifies the thickness of the hydrogen at^sorb- 
ing alloy powder layer formed on the both sides of the 
nickel foil, the thickness being 19-50 [im on one side of 
the nickel foil surface. 

The aspect of the present invention desaibed in 
claim 9 specifies the separator, which Is a porous film or 
a nonwoven fabric of a polyolefin resin such as polyeth- 
ylene and/or polypropylene, and has a porosity of 40% 
or more. Though the separator may be either of film or 
of nonwoven fabric, a film-formed separator Is prefera- 
ble to obtain a more enhanced thin film structure. Film is 
less deformed by compressive stress than non-woven 
fabric, so that even when the positive electrode and 
negative electrode become swollen, the amount of llq- 
ukJ retained by a separator made of film does not 
decrease materially. Moreover, a film-formed separator 
has a high gas permeability and hence can suppress 
the increase of internal pressure the battery. 

The aspect of the present invention desaibed in 
claim 10 specifies the thickness of the foil, the thickness 
being preferably 5 - 20 \un. 

The aspect of the present invention described in 
claim 13 relates to a process for producing a positive 
electrode, which comprises immersing nickel foil in an 
aqueous solution containing nickel nitrate and at least 
one nitrate selected from the group of nitrates consist- 
ing of manganese nitrate, Iron nitrate, aluminum nitrate, 
chromium nitrate, calcium nitrate, lanthanum nitrate, 
copper nitrate, titanium nitrate, magnesium nitrate, 
yttrium nitrate, silver nitrate, cobalt nitrate and zinc 
nitrate and forming an active material In the form of thin 
film on the nickel foil surface by means of electrolytic 
deposition. The thin film formed by electrolytic deposi- 
tion tends little to develop pores -in the film and hence 
makes it possit)le to form a high density active material 
layer. 

The aspect of the present invention described in 
claim 14 relates to a treatment applied after an active 
material layer of thin film has been formed on nickel foil, 
the treatment comprising the step of impregnating the 
active material layer with an aqueous solution of at least 
one salt selected from the group consisting of the 
nitrates, sulfates and chlorides of nickel, manganese, 
iron, aluminum, chromium, calcium, lanthanum, copper, 
titanium, magnesium, yttrium, silver, cobalt and zinc and 
the subsequent step of treating the Impregnated active 
material layer with an alkali hydroxide. Since the thin 
film thus formed Is not a film constituted of a single crys- 
tal, the above-mentioned metals introduced into the 
space between crystals serve as a conductive agent or 
a substance which raises oxygen-generating voltage 
and thus can improve the utilization fector and charac- 
teristic properties of the thin film active material. 

The aspect of the present invention described in 
claim 15 relates to a treatment applied after an active 



material of thin film has been formed on nickel foil, the 
treatment comprising, subsequently to the formation of 
the active material layer, immersing the active material 
layer in an aqueous solution of at least one nitrate 

5 selected from the group of nitrates consisting of nickel 
nitrate, manganese nitrate, iron nitrate, aluminum 
nitrate, chromium nitrate, calcium nitrate, lanthanum 
nitrate, copper nitrate, titanium nitrate, magnesium 
nitrate, yttrium nitrate, silver nitrate, cobalt nitrate and 

10 zinc nitrate to perform electrolytic deposition, whereby 
the metals of the above-mentioned salts are made to 
exist on the surtace of the thin film active material layer 
as a conductive agent or a suk>stance which raises oxy- 
gen-generating voltage, and resultantly the utilization 

75 factor and characteristic properties of the thin film active 
material layer are improved. 

The aspect of the present invention described in 
dalm 16 relates to a process for producing a thin film 
electrode which comprises the step of forming a con- 

20 ductive film on ttie surface of active material powder 
consisting essentially of a spherical nickel hydroxide 
solid solution with an average particle diameter of 15 
^m or less, the step of mixing the active material and a 
hydrocartx>n polymer into the form of paste, tiie step of 

25 coating tiie paste on nickel foil and the step of rolling the 
coated nickel foil. In tiiis process, since a conductive 
material has been applied onto the surface of the active 
material, the addition of a conductive agent other than 
the active material is unnecessary and an active mate- 

30 rial with a high density can be obtained. 

The aspect of the present Invention described in 
dalm 17 relates to a process for producing a negative 
electrode, which comprises the step of mixing spherical 
hydrogen at>sorblng alloy powder with an average parti- 
es de diameter of 15 M,m or less coated witii nickel, a 
hydrocarbon polymer and a cariranaceous material or 
metallic nickel powder to prepare a paste, the step of 
coating the paste on nickel foil, and the step of rolling 
the coated nickel foil. Heretofore, hydrogen absorbing 

40 alloy powder, as its partide diameter decreases, is apt 
to be corroded and resultantly to lower its hydrogen- 
occlusion capadty. According to tiie present process, 
however, a hydrogen absorbing alloy powder surface- 
coated with nickel, which has a high alkali resistance, is 

45 used and hence the hydrogen absorbing capacity is not 
lowered. 

The aspect of the present invention described In 
daim 1 8 also relates to a process for producing a nega- 
tive electrode, in which hydrogen absorbing alloy pow- 

50 der with an average particle diameter of 15 p,m or less 
coated with nickel is used. The hydrogen at}sorbing 
occlusion alloy powder used herein is not limited to 
spherical hydrogen absorbing alloy described in claim 
1 1 but may also be non-spherical powder obtained, for 

55 example, by grinding cast hydrogen absorbing alloy, fol- 
lowed by sizing. 

The aspect of the present invention described in 
daim 19 relates to a typical process for produdng a 
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negative electrode, which comprises the step of forming 
a thin film layer of a hydrogen absorbing alloy described 
below on nickel foil by means of sputtering using as the 
target an AB5 type hydrogen absorbing alloy comprising 
a Misch metal consisting essentially of La, Ce. Pr. Nd 
and Sm as the A-site and Ni, Co. Mn and Al as the B- 
site, and the step of annealing the nickel foil having the 
hydrogen absorbing alloy layer formed thereon. Since 
the hydrogen absorbing alley layer is formed by means 
of sputtering, the addition of conductive agents and 
additives for bonding hydrogen absorbing alloy whk;h 
has t>een required in previous coating-type negative 
electrode becomes utterly unnecessary and a high den- 
sity loading of the active material becomes possible. 

The aspect of the present invention described in 
claim 20 relates to a process which comprises the step 
of forming a thin film layer of a hydrogen ak)sort)ing alloy 
described below on nickel foil by means of sputtering 
using as the target AB5 type hydrogen absorbing alloy 
comprising La, Ni, Co, Mn and Al, and the step of 
annealing tiie nickel foil having the hydrogen at>sorbing 
alloy layer formed tiiereon. Thus, the process is a proc- 
ess wherein the Misch metal which is one of the constit- 
uents of ttie hydrogen absorbing alloy described in 
claim 27 is replaced by La. It gives a negative electrode 
with characteristic properties equal to those obtained by 
the process described in daim 19. 

The aspect of the present invention described in 
claim 21 relates to a process which comprises the step 
of forming a thin film layer of hydrogen at)sorbing alloy 
on nickel foil by means of sputtering using an alloy com- 
prising La, Co, Mn and Al as the target and the step of 
annealing the nickel foil having the hydrogen absorbing 
alloy layer formed thereon. By annealing, the nickel foil 
forms an alloy with la, Co. Mn and Al, thereby to change 
itself into a negative electrode active material. 

The aspect of the present invention described in 
claim 22 relates to a process which corrprises the step 
of mixing the nitrate, sulfates or chlorides of La, Ni, Co, 
Mn and Al in a predetermined mixing ratio to prepare an 
aqueous solution of the mixture, the step of performing 
electrolytic plating on nickel foil in the aqueous solution 
prepared above and the step of annealing tiie nickel foil 
having a plating tiiin film formed thereon. The plating 
film comprising La, Ni, Co, Mn and Al as the main con- 
stituents formed on the nickel foil is turned into a nega- 
tive electrode active material by annealing. 

The aspect of the present invention described in 
claim 23 relates to a process which comprises the step 
of mixing the nitrates, sulfates or chlorides of La. Co. Mn 
and Al in a predetermined mixing ratio to prepare an 
aqueous solution of the mixture, the step of performing 
electrolytic plating on nickel foil in tiie aqueous solution 
prepared above and the step of annealing the nickel foil 
having a plating thin film formed thereon. By annealing, 
the nickel foil forms an alk>y with La, Co, Mn and Al to 
turn into a negative electrode active material. 

The aspect of tiie present invention desaibed in 



daim 24 relates to a process which comprises the step 
of melting a Misch metal comprising La, Ce. Pr, Nd and 
Sm, and Ni, Co. Mn and At in a melting furnace, the step 
of rapidly quenching the molten body in an inert gas 

5 atmosphere by the single roll method or the twin roll 
method to obtain a thin film, the step of mixing minute 
strips of the thin film obtained, a hydrocarioon polymer, 
and a carbonaceous material or metallic nickel powder 
to form a paste, the step of coating the paste on nickel 

10 foil and the step of rolling the coated nickel foil. In this 
process, thin film in the form of strips about 10 fim in 
thickness is coated on nickel thin film, so that the proc- 
ess also makes it possible to attain high density loading 
of the active material. ' 

IS 

Embodiment of the invention in the form of battery 

A nickel-hydrogen secorxiary battery useful in prac- 
tice, which uses the atX)ve-mentioned positive electrode 

20 comprising nickel foil arxJ an active material layer con- 
sisting essentially of nickel hydroxide solid solution pow- 
der formed on the nickel fnl surface, the above- 
mentioned negative electrode oomp)rising nickel foil and 
a hydrogen absorbing alloy layer formed on the nickel 

25 foil surface, and, as a separator, porous thin film or non- 
woven fabric formed essentially of a polymer resin, can 
be formed by arranging tiie separator so as to irtsulate 
the positive electrode plate from the negative electrode, 
winding the whole spirally to form an electrode plate 

30 assembly, putting tiie assembly in a battery case, then 
pouring a prescribed amount of electrolyte into tiie 
case, and sealing the case opening with a sealing plate. 

Examples 

35 

Example 1 

A nickel foil 10 jtm in thickness, 60 mm in width and 
1000 mm in length was used as the substi'ate. The sur- 

40 jace of an active material consisting essentially of 
spherical nickel hydroxide wrtii an average particle 
diameter of 15 (tm containing cobalt and zinc as solid 
solution was coated with trivalent cobalt axyhydroxide to 
obtain an active material powder. To the active material 

45 powder were added 1 wt.% of polytetrafluoroethylene 
(PTFE) and water to prepare a paste. The paste was 
coated on the both surfaces of the nickel foil, tiien dried, 
and the coated foil was rolled. The electrode thickness 
after rolling was adjusted to 100 ^m. The electrode 

50 obtained had a theoretical capacity of 4660 mAh (calcu- 
lated on tine assumption tiiat nickel hydroxide under- 
goes one electron reaction and hence yields 289 
nnAh/g). 

Then, a negative electrode was obtained by coating 
55 on a nickel foil 10 fim in thickness. 60 mm in width and 
1025 mm in lengtti a paste prepared t>y mixing an AB5 
type hydrogen absorbing alk>y powder with an average 
particle diameter of 15 or less surfeice-coated with 
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nickel. 1 wt.% of a carbonaceous nnaterial, 1 wt.% of 
PTFE and water, then drying the paste and rolling the 
coated foil. The electrode obtained after rolling had a 
thickness of 66 ^m. The electrode had a theoretical 
capacity of 6291 mAh. 5 

As a separator was used a polyethylene porous 
film. The separator used had a thickness of 10 )im, 
width of 62 mm and length of 1075 mm and had a 
porosity of 50%. 

The above-mentioned positive electrode, negative io 
electrode and separator were arranged in the order of 
positive electrode, separator, negative electrode and 
separator and the whole was wound spirally to form an 
electrode plate assembly. TTie assembly was put in a 
battery case 17 mm in diameter and 67 mm in height, is 
then a prescribed amount of alkaline electrolyte was 
poured into the t^attery case, and the battery opening 
was sealed with a sealing plate to form a closed type 
nickel absorbing secondary battery. 

The battery obtained was charged at 450 mA for 1 5 20 
hours, then allowed to stand for 1 hour, and then dis- 
charged at 900 mA until the discharge voltage reached 
1 V. This cycle was performed two times, and then the 
battery was aged at 45*'C. After aging, the battery was 
charged at 450 mA for 15 hours, allowed to stand for 1 2S 
hour, and then discharged at 900 mA until the discharge 
voltage reached 1 V to determine discharge capacity. 
The utilization factor (percentage ratio of actual dis- 
charge capacity to positive electrode theoretical capac- 
ity) calculated from the discharge capacity obtained so 
above as 97%. 

In the above-mentioned positive electrode, spheri- 
cal nickel hydroxide powder with an average particle 
diameter containing cobalt arxi zinc as solid solution 
which had been surface-coated with trival ent cobalt oxy- 35 
hydroxide was used as the active material. Besides this 
electrode, other electrodes prepared as described 
below may also be used: nk:kel foil used as the sub- 
strate is immersed in an aqueous solution containing 
ntokel nitrate and. in admixture therewith, at least one 40 
nitrate selected from the group of nitrates consisting of 
manganese nitrate, iron nitrate, aluminum nitrate, chro- 
mium nitrate, caldum nitrate, lanthanum nitrate, copper 
nitrate, titanium nitrate, magnesium nitrate, yttrium 
nitrate, silver nitrate, cobalt nitrate and zinc nitrate, and 45 
a thin film active material is formed on the surface of the 
foil of tiie substrate by means of electix}lytic deposition: 
or, further, the nickel foil having the thin film active mate- 
rial formed tiiereon as described above is impregnated 
with an aqueous solution of a salt selected from the so 
group consisting of tiie nitrate, sulfates and chlorkifes of 
nickel, manganese, iron, aluminum, chromium, calcium, 
lanthanum, copper, titanium, magnesium, yttrium, silver, 
cobalt and zinc, arKi then treated with an alkali hydrox- 
ide to form a hydroxide of any of the above-mentioned ss 
elements on the surface of tiie thin film-formed active 
material layer: or an electrode which has. on the surface 
of thin film active material layer formed as described 



above, further a metal layer obtained, for example, by 
electrolytic deposition in an aqueous solution of a nitrate 
selected from tiie group of nitrates consisting of nickel 
nitrate, manganese nitrate, iron nitrate, aluminum 
nitrate, chromium nitrate, calcium nitrate, lanthanum 
nitrate, copper nitrate, titanium nitrate, magnesium 
nitrate, ytb'ium nitrate, silver nitrate, cobalt nitrate and 
zinc nitrate. 

By using the thin film-fbrmed positive electrode, 
negative electrode and porous film separator, the 
capacity density of the electi'ode plate can be improved 
and at the same time a nickel-hydrogen secondary bat- 
tery with higher capacity can be obtained. 

Example 2 

Spherical nickel hydroxide powder with an average 
particle diameter of 1 5 |jim containing cobalt and zinc as 
solid solution (300 g), cot^alt hydroxide aggregate pow- 
der with an average particle diameter of 0.2 jim (30 g) 
and water (300 g) were mixed to obtain a suspension. 
The nickel hydroxide used contained 2 mol% of cobalt 
as its hydroxKle and 6 mol% of zinc as its hydroxkle. 
respectively as solid solution. The suspension obtained 
above was mixed and ground in a wet grinder into the 
form off paste. The paste was measured for its powder 
particle diameter with a wet-type laser interference par- 
ticle size distribution analyzer. The average particle 
diameter was found to be 0.2 pmn. The paste was coated 
on the both sides of nickel foil 20 ^m in thickness, then 
dried and the coated foil was rolled to obtain a positive 
electrode plate 120 \itr\ in thickness. The electrode had 
a theoretical capacity of 1300 mAh (calculated on the 
assumption tiiat nickel hydroxide undergoes one elec- 
tron reaction and hence yiekis 289 mAh/g). 

A negative electrode was prepared by coating on 
nickel foil a paste prepared by mixing an AB5 type 
hydrogen absorbing alloy powder. 1 wt.% of a carbona- 
ceous material, 1 wt.% of PTFE and water, then drying 
tiie paste, and rolling the coated foil to a thtekness of 
100 fim. The electrode obtained had a theoretical 
capacity of 1900 mAh. 

As the separator was used a polypropylene nonwo- 
ven fabric 20 ^m in thickness. The above-mentioned 
positive electi'ode. negative electrode and separator 
were arranged in the order of positive electi'ode. separa- 
tor, negative electrode and separator. The whole was 
wound spirally, put in an AA-size battery case, a pre- 
scribed amount of alkaline electrolyte was poured into 
tiie case, and the case was sealed with a sealing plate 
to form a ctosed type nickel-hydrogen secondary tat- 
tery. 

The battery was charged at 130 mA for 15 hours, 
allowed to stand for 1 hour, and then discharged at 260 
mA until the discharge voltage reached 1 V. This cycle 
was performed two times, and then the battery was 
aged at 45*'C. After aging, the battery was charged at 
130 mA for 15 hours, allowed to stand for 1 hour, and 
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then discharged at 260 mA until the discharge voltage 
reached 1 V, to determine discharge capacity. The utili- 
zation factor (percentage ratio of actual discharge 
capacity to positive electrode theoretical capacity) cal- 
culated from the discharge capacity obtained above 
was 103%. 

Though cobalt and zinc were used herein as the 
element to be contained in nickel hydroxide as solid 
solution, similar effects were obtained by using at least 
one element selected from the group consisting of 
cobalt, zinc, manganese, calcium, chromium, aluminum 
and iron. The amount of the element to be contained as 
solid solution is preferably not less than 1 mol% and not 
more than 10 mol% as hydroxides. 

Though cobalt hydroxide were used with nickel 
hydroxide solid solution particles as the materials for 
forming the £ibove-mentioned paste, cobalt oxide alone, 
or the mixture of cobalt hydroxide and cobalt oxide may 
also be used for forming a paste. 

Examples 

Spherical nickel hydroxkJe powder with an average 
particle diameter of 10 vun containing 5 mol% of manga- 
nese as soGd solution (300 g). cobalt hydroxide aggre- 
gate powder with an average particle diameter of 0.2 
\im (30 g) and water (330 g) were mixed to obtain a sus- 
pension. The suspension was mixed and ground with a 
wet grirxler into the form of paste. The paste was meas- 
ured for its powder particle diameter with a wet-type 
laser interference particle size distribution analyzer to 
find an average particle diameter of 0.2 \im. The paste 
was incorporated with 5 wt.% of PTFE based on the 
weight of solid of the paste, then coated on the both 
sides of nickel foil, dried and the coated foil was rolled to 
obtain a positive electrode plate. The nickel foil used 
had a thickness of 20 M^m and the positive electrode 
plate after rolling had a thickness of about 120 \im. The 
electrode had a theoretical capacity of 1300 mAh (cal- 
culated on the assumption that nickel hydraxkJe under- 
goes one electron reaction and yields 289 mAh/g). 

A negative electrode was prepared by coating on 
the both sides of nickel foil a paste prepared by mixing 
an AB5 type hydrogen absorbing alloy, 1 wt.% of a car- 
bonaceous material, 1 wt.% of PTFE and water, drying 
the paste and rolling the coated foil. The electrode after 
rolling had a thickness of 100 ^m and had a theoretical 
capacity of 1900 mAh. 

As the separator was used polyethylene porous 
film. The separator had a thickness of 21 ^m. 

The above-mentioned positive electrode, negative 
electrode and separator were arranged in the order of 
positive electrode, separator, negative electrode and 
separator, and the whole was wound serially to form an 
electrode plate assembly. The assembly was put in an 
AA-size battery case, a presaibed amount of alkaline 
electrolyte was poured into the case, and the case was 
sealed with a sealing plate to form a closed type nickel- 



hydrogen secondary battery. 

The battery was charged at 130 mA for 15 hours, 
allowed to stand for 1 hour, and then discharged at 260 
mA until the discharge voltage reached 1 V. This cycle 

5 was performed two times, and the battery was aged at 
45*'C. After aging, the battery was charged at 130 mA 
fbr 15 hours, alkiwed to stand for 1 hour and then dis- 
charged at 260 mA until the discharge voltage reached 
1 V, to determine the discharge capacity. The utilization 

10 factor (percentage ratio of actual discharge capacity to 
positive electrode theoretical capacity) calculated from 
the discharge capacity obtained above was 105%. 

Thus, by decreasing tiie partide size of the active 
material arxj thereby improving its uniform dispersion 

15 with a conductive agent, the charge-discharge effi- 
ciency as an electrode and resultantly the utilization fac- 
tor of ttie active material are improved, and a nickel- 
hydrogen secondary battery with a higher capacity can 
be obtained. 

20 The analysis of the nickel hydroxide powders used 
in Examples 1 . 2 and 3 showed that they were all poly- 
crystalline and the crystallites had a size of 100 nm or 
less in the direction parallel to the direction of a form 
<100) and 500 nm or less in the direction parallel to the 

25 direction of a form <001 1 

Example 4 

Description is given below of a process for produc- 

30 ing a negative electrode which can be used as the neg- 
ative electrode of the nickel -hydrogen secondary 
tsatteries of Examples 1. 2, and 3. 

Sputtering was conducted in an Ar gas atinosphere 
using as the target an AB5 type hydrogen absorbing 

35 alloy which comprises a Misch metal consisting essen- 
tially of La. Ce. Pr, Nd. Sm. etc., and Ni. Co. Mn, Al, etc. 
and using nickel foil as the substrate, to form the AB5 
type hydrogen absorbing alloy on the nickel foil surface. 
Thereafter, annealing was performed at about 1100*^0 

40 for a predetermined time. As the pre-tireatment for sput- 
tering, the nickel foil surface was washed with an add, 
such as hydrochloric ackJ or dilute hydrofluork; ackJ. to 
remove nickel oxide of the surface. 

The substrate surface was sut>iected to Ar sputter- 

45 ing before forming the hydrogen absorbing alloy layer 
mentioned above, in order to improve adhesion of the 
alloy to the substrate. The amount of the hydrogen 
absorbing alloy to be deposited is determined according 
to tiie capadty required fbr the electrode plate, but since 

50 it is difficult to deposit a layer of a thideiess of 10 ^m or 
more at a time, deposition and annealing were repeated 
alternately to obtain a thin film witii a desired tiiickness. 
The nickel foil used had a thid^ess of 10 fun. 

An AB5 type hydrogen absorbing alloy comprising 

S5 La. Ni. Co, Mn and Al may also be used as the tcirget fbr 
supplying hydrogen absorbing alloy 

A negative electrode may also be used which is 
prepared by conducting sputtering using as the sub- 
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strate nickel foil 65 \im in thickness and as the target a 
La. Co, Mn, Ai alley to deposit the alloy on the substrate, 
and then conducting heat treatment to effect diffusion of 
the deposited alloy into the substrate and thereby to 
effect alloying of the alloy with the substrate. 

Nickel-hydrogen secondary batteries were con- 
structed by combining the above-mentioned negative 
electrode plates respectivety with the positive electrode 
and separator of Example 1. In using any of the nega- 
tive electrodes, the utilization factor of the active mate- 
rial was 97% or more, and a capacity of 4500 mAh could 
be obtained. 

Thus, by using a thin film-formed positive electrode 
and negative electrode and a film separator, the capac- 
ity density of the electrode plate can be improved, and 
nickel -hydrogen secondary tsatteries with a higher 
capacity can be obtained. 

Example 5 

Description is given below of another process for 
producing a hydrogen absorbing alloy negative elec- 
trode which can be used as the negative electrode of 
the rvckel-hydrogen secondary batteries of Examples 1 . 
2 and 3. 

An aqueous solution was prepared by mixing the 
nitrates of La. Ni. Co. Mn and AI in a predetermined mix- 
ing ratio. Nickel foil was immersed in the aqueous solu- 
tion, and electroplating of La, Ni. Co. Mn and AI was 
conducted with the foil as the negative electrode. The 
nickel foil used had a thickness of 10 \im. After the dep- 
osition of plating film, annealing was conducted at about 
IIOO^'C to effect alloying of the plating with the sub- 
strate. 

Separately, nickel foil 65 \im in thickness was pre- 
pared as the substrate, while an aqueous solution was 
prepared by mixing the nitrates of La, Co. Mn and AI in 
a predetermined mixing ratio. Electro-plating was con- 
ducted in the aqueous La, Co. Mn and AI solution using 
the nickel foil as the negative electrode. After the depo- 
sition of plating film, heat treatment was conducted at 
about 1 lOO^C to effect diffusion of the deposited alloy 
into the sut>strate and thereby to effect alloying of the 
alloy with the nickel foil. 

Nickel-hydrogen secondary batteries were con- 
structed by combining the above-mentioned two kinds 
of negative electrode plate respectively with the positive 
electrode and separator of Example 1 . In using either of 
the negative electrodes, the utilization factor was 97% 
or more, and a capacity of 4,500 mAh couM be 
obtained. 

Example 6 

Description is given below of a still other process for 
producing a negative electrode which can be used as 
the negative electrode of the nickel-hydrogen second- 
ary batteries of Examples 1 , 2, and 3. 



A Misch metal comprising La, C , Pr, Nd, Sm, etc. 
and a metal comprising Ni. Co, M, AI. etc. were mixed in 
a predetermined mixing ratio, and ntolten in a melting 
furnace. The molten body was rapidly quenched in an 

5 inert gas by the single roll method to form a strip-formed 
alloy about 5 ^m in thickness and atx)ut 20-70 ^m in 
width. The alloy was annealed at about IIOO^'C. The 
strips obtained was mixed with 1 wt.% of a caibona- 
ceous material. 1 wt.% of PTFE and a suitable amount 

10 of water into tiie form of paste. The paste was coated on 
nickel fbillO |im in thickness. 60 mm in width and 1025 
mm In length, then dried, and the coated foil was rolled. 
The resulting electrode after rolling had a thickness of 
65 Jim. The electrode had a theoretical capacity of 

75 6,200 mAh. The negative electrode plate was combined 
with the positive electrode and separator of Example 1 
to construct a nickel-hydrogen secondary battery. In 
using any of the negative electrodes, the utilization fac- 
tor was 97% or more, and a capacity of 4500 mAh could 

20 be obtained. 

As set forth above, the nickel-hydrogen secondary 
battery according to the present invention has a struc- 
ture whksh comprises a positive electrode comprising 
nickel fbil and an active material consisting essentially 

ss of nickel hydroxide solid solution powder formed on the 
foil surface, a negative electrode comprising a hydrogen 
absorbing alloy powder layer, and a separator formed 
essentially of a polymer resin. By virtue of the above- 
mentioned structure, nickel hydroxide of the positive 

30 electrode active material can be loaded in a larger 
amount on the nickel foil of the sutdstrate and, moreover, 
since it is in the form of film, the corKluctivity of the 
active material can be maintained merely by adding a 
minimum amount of a conductive agent thereto, and 

35 resultantly the amount of active material can be rela- 
tively increased to raise energy density. Moreover, since 
the electrode is a thin film electrode, neither the break- 
ing of the substrate skeleton due to bending nor piercing 
of a protracting tip through the separator occurs. Fur- 

40 thermore, when the negative electrode plate is also a 
thin film-formed electrode, the amount of the conductive 
agent to be added to the negative electrode active 
material also can be reduced. Thus, a nickel-hydrogen 
secondary battery with a high capacity density can be 

45 provided. 

By using a thin film-formed positive electrode, and 
negative electrode and a film separator, the capacity 
density of the electrode plate can be improved and at 
the same time a nickel-hydrogen secondary battery with 

50 a higher capacity can be easily obtained; resultantly a 
nickel-hydrogen secondary battery with a higher capac- 
ity density can be provided. 

Claims 

55 

1. A nickel-hydrogen secondary battery which has a 
structure comprising a positive electrode compris- 
ing nickel foil and an active material layer consisting 
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essentially of nickel hydroxide solid solution powder 
formed on the nickel foil surface, a negative elec- 
trode comprising a hydrogen absorbing alloy pow- 
der layer, and a porous separator formed 
essentially of a polymer resin. 

2. The nickel-hydrogen secondary battery according 
to claim 1 wherein the solid solution powder com- 
prising as the main constituent a nickel hydroxkle 
powder with an average particle diameter of 1 ^m 
or less containing as solid solution at least one 
metal selected from the group consisting of Co, Zn. 
Mn, Ca, Cr. Al and Fe. and 1-10% by weight, rela- 
tive to the nickel hydroxide powder, of a cobalt com- 
pound powder with an average particle diameter of 
1 \Lm or less admixed with the nickel hydroxide pow- 
der. 

3. The nickel-hydrogen secondary battery according 
to claim 2 wherein the cobalt compound is cobalt 
hydroxkle or cobalt oxkie alone or both. 

4. The nickel-hydrogen secondary battery according 
to claim 2 wherein the nickel hydroxKle powder hav- 
ing a crystallite size of 100 nm or less in the direc- 
tion parallel to the direction of a form <100>and 500 
nm or less in the direction parallel to the direction of 
a form <001 >. 

5. The nickel-hydrogen secondary battery according 
to claim 4 wherein the solid solution comprises 1-10 
mol% of at least one element selected from the 
group consisting of Co. Zn. Mn, Ca, Cr, Al and Fe. 

6. The nickel hydrogen secondary battery according 
to claim 1 wherein the negative electrode compris- 
ing the hydrogen absorbing alloy powder layer 
formed on a nickel foil surfiace. 

7. The nickel-hydrogen secondary battery according 
to claim 1 wherein the active material layer formed 
on the botii skies of nickel foil, the thickness of the 
layer being 10-60 |im on one side of the nickel foil. 

8. The nickel-hydrogen secondary battery according 
to claim 1 wherein the hydrogen absorbing alloy 
powder layer is formed on the botfi sides of nickel 
foil, the thickness of the layer being 19-50 (im on 
one skJe of the nickel foil. 

9. The nickel-hydrogen secorKlary battery according 
to claim 1 wherein the separator is formed essen- 
tially of a porous film or nonwoven fabric of polyole- 
f in resin and has a porosity of 40% or more. 

10. The nickel-hydrogen secorKlary battery according 
to claim 1 wherein a thickness of the foil is 5 - 20 
M^m. 



11. A process for producing a nickel positive electrode 
which comprises the step of mixing and dispersing 
nickel hydroxide solid solution particles containing 
as solid solution at least one member selected from 

5 the group consisting of Co. Zn. Mn. Ca. Cr. Al and 
Fe, and cobalt compound particles witti a wet type 
mechanical grinder to prepare a paste, the step of 
coating the paste on the surface of nickel foil and 
the step of rolling the coated nfokel foil. 

10 

12. The process for producing a nickel positive elec- 
trode according to daim 11 wherein the nickel 
hydroxide solid solution particles have a crystallite 
size of 100 nm or less in the direction parallel to the 

IS direction of a form <100> and 500 nm or less in tiie 
direction parallel to the direction of a form <001 X 

13. A process for producing a nickel positive electrode 
which comprises the step of immersing nickel foil in 

20 an aqueous solution containing nickel nitrate and at 
least one nitrate selected from the group of nitrates 
consisting of manganese nitrate, iron nitrate, alumi- 
num nitrate, chromium nitrate, cafoium nitrate, lan- 
thanum nitrate, copper nitrate, titanium nitrate, 

25 nriagnesium nitrate, yttrium nitrate, silver nitrate, 
ook>alt nitrate and zinc nitrate and the step of form- 
ing an active material layer on the surfoce of the 
nickel foil in the form of thin film by means of elec- 
trolytic deposition. 

30 

14. The process for producing a nickel positive elec- 
trode according to claim 13 which comprises the 
step of impregnating tiie active material layer, after 
it has been formed in the form of thin film on the 

35 nickel foil surface, with an aqueous solution of at 
least one salt selected from the group consisting of 
the nitrates, sulfates and chlorkies of a metal 
selected from nickel, manganese, iron, aluminum, 
chromium, calcium, lanthanum, copper, titanium, 

40 magnesium, yttrium, silver, cobalt and zinc, and the 
step of then treating tiie impregnated active mate- 
rial layer witii an alkali hydroxide. 

15w The process for producing a nickel positive elec- 
45 trode according to claim 13 which comprises the 
step of subjecting the active material layer, subse- 
quentiy to the formation of the layer in the form of 
thin film on the surface of nickel foil, to electrolytic 
deposition in an aqueous solution of at least one 
so nitrate selected from the group of niti-ates consist- 
ing of nickel nitrate, manganese niti'ate, iron nitrate, 
aluminum nitrate, chromium nitrate, calcium nitrate, 
lanthanum nitrate, copper nitrate, titanium nitrate, 
magnesium nitrate, yttrium nitrate, silver nitrate, 
55 cobalt nitrate and zinc nitrate. 

16. A process for producing a nickel positive electrode 
which comprises the step of forming a conductive 
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film on the surface of active material powder con- 
sisting essentially of spherical nickel hydroxide 
solid solution with an average particle diameter of 
1 5 \im or less, the step of mixing the active material 
with a hydrocartx>n polymer into the form of paste, s 
the step of coating the paste on the surface of nickel 
fbil and the step of rolling the coated nickel foil. 

1 7. A process for producing a hydrogen absorbing alloy 
negative electrode which comprises the step of io 
mixing spherical hydrogen absorbing alloy powder 
with an average partide diameter of 15 jim or less 
surface-coated with nickel, a hydrocarbon polymer, 
and a cartx>naceous material or metallic nickel 
powder to form a paste, the step of coating the is 
paste on the surface of nickel fbil and the step of 
rolling the coated nickel foil. 

1 8. A process for producing a hydrogen absorbing alloy 
negative electrode which comprises the step of 20 
mixing non-spherical hydrogen absorbing alloy 
powder with an average particle diameter of 15 ixm 

or less surface-coated with nickel, a hydrocarbon 
polymer, and a cait>onaceous material or metallic 
nickel to form a paste, the step of coating the paste 2S 
on the surface of nickel fbil and the step of rolling 
the coated foil. 

19. A process for producing a hydrogen absorbing alloy 
negative electrode which comprises the step of 30 
forming a thin film of an AB5 type hydrogen absorb- 
ing alloy comprising a Misch metal consisting 
essentially of La, Ce, Pv. Nd and Sm as the A-site 

Nd Ni. Co. Mn and Al as the B-site on nickel foil by 
means of sputtering using the hydrogen absorbing 35 
alloy as the target, and the step of annealing the 
nickel foil having the hydrogen absorbing alloy thin 
film formed thereon. 

20. A process for producing a hydrogen absort)ing alloy 40 
negative electrode which comprises the step of 
forming a thin film of an AB5 type hydrogen occlu- 
sfon alloy comprising La, Ni, Co, Mn and Al as the 
constituent metals on nickel foil by means of sput- 
tering using the hydrogen absorbing alloy as the 4S 
target and the step of annealing the nickel foil hav- 
ing the hydrogen absorbing alloy thin film formed 
thereon. 

21. A process for producing a hydrogen absorbing alloy so 
negative electrode which comprises forming a thin 
film of a hydrogen absorbing alloy comprising La. 

Co. Mn arxi Al as the constituent metals on nickel 
foil by means of sputtering using the hydrogen 
absorbing alloy as the target and the step of ss 
annealing the nickel foil having the hydrogen 
absorbing alloy this film formed thereon. 



22. A process for producing a hydrogen absorbing alloy 
negative electrode which comprises the step of 
mixing the nitrates, sulfates and chlorides of La. Ni. 
Co. Mn and Al in a predetermined mixing ratio to 
prepare an aqueous solution of the mixture, the 
step of performing electrolytic plating on nickel foil 
in the aqueous solution of the mixture and the step 
of annealing the nickel fbil having a plating thin film 
formed thereon. 

23. A process for producing a hydrogen absorbing neg- 
ative electrode which corrprises the step of mixing 
the nitrates, sulfates and chlorides of La. Co. Mn 
and Al in a predetermined mixing ratio to prepare 
an aqueous solution of the mixture, the step of per- 
forming electrolytic plating on nickel foil in the aque- 
ous solution of the mixture and the step of 
annealing the nickel foil having a plating thin film 
formed thereon. 

24. A process for producing a hydrogen absorbing alloy 
negative electrode which comprises the step of 
melting a Misch metal comprising La, Ce, Pr, Nd 
and Sm. and Ni, Co, Mn and Al in a melting furnace, 
the step of rapidly quenching the molten body in an 
inert gas atmosphere by the single roll method or 
the twin roll method to obtain a thin film, the step of 
mixing the thin film obtained with a hydrocartx>n 
polymer and a cartx>naceous material or metallic 
nickel powder to prepare a paste, the step of coat- 
ing the paste on nickel foil and the step of rolling the 
coated nickel foil. 
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